This study employs the solution mixing method to produce composite films by using polyvinyl alcohol (PVA), graphene nano-sheets (GNs), and multi-walled carbon nanotubes (MWCNTs). Tensile test, differential scanning calorimetry (DSC), four-point probe/coaxial transmission line method are performed in order to evaluate the tensile properties, melting and crystallization behaviors, electric conductivity, and electromagnetic interference shielding effectiveness (EMI SE) of the composite films. The test results indicate that with the increasing amount of MWCNTs, GNs/MWCNTs hybrid fillers cause a synergy effect that contributes to the tensile strength of the composite films. An optimal GNs/ MWCNTs ratio is 0.5 wt%:1wt% that provides the films with a tensile property of 19.6 MPa, an improvement on glass transition temperature (Tg), melting temperature (Tm) and crystallization temperature (Tc) of PVA, an electric conductivity of 2.6×10 -5 S/cm, and EMI SE of -15 dB at frequency 1 GHz-2 GHz that is equal to a 99.9 % shielding level required by livelihood necessities. *
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INTRODUCTION
Carbon nanotube (CNT)-based and graphene (GN)-based polymer composites have been the common topic of researches. The addition of nanocarbon fillers can effectively improve the mechanical performance and functional properties of polymer materials. However, the distribution of CNTs-and GN-based materials also is a challenge when they are applied to composites. The functionalized CNTs and GN can improve the properties of polymer composites, but their functional groups also damage the structures of CNT and GN in terms of their electrical properties. Although CNT and GN are composed of the same elements, their different geometric shapes provide them with unique properties. The hybrid materials consisting of CNT and graphite oxide (GO) can be yielded by using the solution mixing method or the chemical vapor deposition (CVD). The complicated manufacturing processes for the yielded hybrid material hardly allows for the interaction between CNT and GO, which in turn restricts the further application of their hybrid materials. There are a few literature sources on the interaction between CNT and GO (i.e., carbon materials) and the synergistic effect between CNT and GN that is provided by their interaction [1] [2] [3] [4] .
Therefore, this study uses PVA that is a water soluble polymer, and the process does not require any organic solvents. The manufacturing is thus eco-friendly and can distribute carbon materials. GNs and multi-walled carbon nanotubes (MWCNTs) are used as hybrid fillers. The influences of GNs/MWCNTs ratios on the melting and crystallization behaviors as well as electromagnetic interference shielding effectiveness (EMI SE) of PVA/GNs/MWCNTs composite films are finally evaluated.
EXPERIMENTAL

Materials
Polyvinyl alcohol (PVA, BF-17, Chang Chun Group, Taiwan, R.O.C.) is modified by using plasticizer by Feng Xiang Materials Company Limited. Taiwan, R.O.C. Graphene nano-sheets (GNs, P-ML20, Enerage Inc. Taiwan, R.O.C) have the features of oxygen content being 2.5 % and a thickness being 50-100 nm. Multi-walled carbon nanotubes (MWCNTs, CF182C, Advanced Nanopower Inc. Taiwan, R.O.C) have a diameter of 10-30 nm and a length of 5-20 µm.
Methods
10 wt% PVA and deionized water are stirred and heated at 90 o C for six hours. 1.5 wt% hybrid fillers that are composed of GNs/MWCNTs ratios of 1.25/0.25, 1/0.5, 0.75/0.75, 0.5/1, and 0.25/1.25 wt% are then added to a PVA solution for stirring and heating for another six hours. The mixtures are then processed for dispersion in an ultrasonic bath for one hour. A specified volume of 20 mL of the mixtures is cast in a glass dish, followed by being dried at 60oC for twelve hours in a vacuum oven in order to obtain the 0.2-mm thick PVA/GNs/MWCNTs composite films. The process is graphically illustrated in Figure 1 . 
TESTS Tensile Tests
This test is performed on samples with a size of 50 mm × 10 mm × 0.2 mm by using an Instron 5566 universal tester (Instron, US). The crosshead speed is 5 mm/min. A total of five samples for each specification are used for the test. 
Differential Scanning Calorimeter (DSC)
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Xc(%)=[∆Hm/∆H
o m x (1-f) ] x 100 % (1) where Xc is crystallinity, ∆Hm is the apparent enthalpy of crystallization, ∆H o m is the enthalpy corresponding to the melting of 100 % crystalline PVA, and f is weight fraction of filler.
Electrical Conductivity
As specified in ASTM D4496-13, a four-pin probe (KeithLink Technology, Taiwan, R.O.C.) is used to measure the electrical conductivity of PVA/GNs/MWCNTs composite films. The films have a size of 20 mm × 20 mm × 0.2 mm.
Electromagnetic Interference Shielding Effectiveness (EMI SE)
An EMI shielding analyzer (E-Instrument Tech Ltd., Taiwan, R.O.C.) is used to measure the EMI SE of the PVA/GNs/MWCNTs composite films, as specified in ASTM D4935-10. The samples that have a round shape with a diameter of 90 mm are placed in a coaxial transmission clamps (EM-2107A, Electro-Metrics, Inc., US) that are equipped with a spectrum analyzer (Advantest R-3132, Burgeon Instrument Co., Ltd., Taiwan, R.O.C.) incorporated with an electromagnetic waves generator. The scan range is between 300 kHz and 3 GHz.
RESULTS AND DISCUSSION
Properties of PVA/GNs/MWCNTs
PVA/GNs/MWCNTs mixtures and composite membranes are indicated in Figure 2 . An increasing MWCNTs content results in stable dispersion of GNs/MWCNTs in the PVA solutions, as indicated in Figure 2 (a). GNs and MWCNTs are both carbon materials. This study uses the GNs that possess oxygen groups. There is thus π-stacking interaction between GNs and MWCNTs, which prevents the GNs from stacking, and eventually results in a good dispersion of GNs and MWCNTs in the PVA solution [6] . According to Figure 2 (b) , the composite films exhibit even luster without any GNs/MWCNTs agglomeration. Therefore, the addition of MWCNTs causes a synergistic effect between them and GNs, which in turn constructs three-dimensional carbon-based polymer composite films. 
Tensile Strength of PVA/GNs/MWCNTs Composite Films
The tensile strength of PVA/GNs/MWCNTs composite films is indicated in Figure 3 25 wt%) . The tensile strength of the composite films increases when the content of MWCNTs increases. This result is ascribed to the three-dimensional hybrid structure that the fillers form, and thus there is no GNs stacking and aggregation. The combination of this structure and polymer matrices results in a good interaction that helps stress transmission in the composite films and also eventually their higher tensile strength [7] . 
Thermal Behaviors of PVA/GNs/MWCNTs Composite Films
The DSC curve and data of PVA/GNs/MWCNTs composite films are indicated in Figure 4 and Table 1 , respectively. When being incorporated with a greater content of MWCNTs, the composite films have improved glass transition temperature (Tg), melting temperature (Tm), and crystallization temperature (Tc). The added MWCNTs can form a three-dimensional structure with GNs, which restricts the movement of the molecular chains, and the Tg of composite films is thus increased. In addition, such a structure also serves as the nucleating sites for PVA, and thereby attaining a higher Tc of PVA. The PVA molecular chains are thus allowed for a crystallization within a sufficient time, which results in a higher level of the lattice perfection of PVA, and the Tm of PVA is then improved. S/cm with the increasing content of MWCNTs. This result is due to the fact that GNs/MWCNTs hybrid fillers are evenly distributed in the conductive networks [8] . The electrical property of PVA/GNs/MWCNTs composite films is demonstrated in Figure 5 (c) , where a c a b
9-voltage battery is connected to a LED bulb. The bulb lights as a result of its contact with the composite films. Figure 5 (b) indicates that the EMI SE of the composite films also increases as a result of increasing content of MWCNTs. The incorporation of MWCNTs provides a long-range conductive path as well as three-dimensional conductive networks, which in turn provides PVA/GNs/MWCNTs composite films with a higher electrical conductivity and EMI SE. 
CONCLUSIONS
This study successfully administers the solution mixing method to form PVA/GNs/MWCNTs composite films. Various GNs/MWCNTs ratios are incorporated to form a three-dimensional structure that prevents GNs from stacking, and also strengthens the composite films. Meanwhile, a three-dimensional conductive network is also formed, which strengthens the electrical conductivity and EMI SE of the composite films. In the future, the composite films will make good candidates while being applied as packaging materials for home appliances and spare parts of electrical optical instruments.
